Biological Remediation of the Petroleum and Diesel Contaminated Soil with Earthworms Eisenia Fetida  by Chachina, S.B. et al.
 Procedia Engineering  152 ( 2016 )  122 – 133 
1877-7058 © 2016 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the Omsk State Technical University
doi: 10.1016/j.proeng.2016.07.642 
ScienceDirect
Available online at www.sciencedirect.com
International Conference on Oil and Gas Engineering, OGE-2016 
Biological remediation of the petroleum and diesel contaminated 
soil with earthworms Eisenia fetida 
Chachina S.B.a*, Voronkova N.A.a, Baklanova O.N.b 
aOmsk State Technical University, 11, Mira Pr., Omsk 644050, Russian Federation 
bInstitute of Hydrocarbons processing SB RAS, 54, Neftezavodskaya St., Omsk 644040, Russian Federation 
Abstract 
The study was performed of the bioremediation efficiency of the soil contaminated with petroleum and diesel with the help of 
earthworms E. fetida in the presence of bacteria Pseudomonas, nitrogen fixing bacteria Azotobacter and Clostridium, yeasts 
Saccharomyces, fungi Aspergillus and Penicillium, as well as Actinomycetales, all being components of biopreparation Baykal-
EM. It was demonstrated that in petroleum-contaminated soil with 20-60 g/kg of petroleum, the content of hydrocarbons 
decreases by 99% after 22 weeks in the presence of worms and biopreparation. In diesel-contaminated soil with diesel 
concentration of 40 g/kg in the presence of earthworms E. fetida and microbiological preparation, 30% of the earthworm species 
died after 14 days because of the toxic impact of the diesel fuel.  
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the Omsk State Technical University. 
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1. Introduction 
Currently, various methods for soil recultivation from oil and petrochemical spills have been developed and are 
widely used. The more perspective method for oil-contaminated soil recultivation is the method of bioremediation 
based on the application of microorganisms capable of hydrocarbons utilization in their vital activity [1]. This 
method is efficient at a concentration of petrochemicals in soil below 20 g/kg. At higher hydrocarbons 
concentrations, the bacteria population decreases and the soil bioremediation does not occur. A higher efficiency of 
soil bioremediation can be achieved by the introduction of earthworms into contaminated soil, i.e. by the 
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vermiremediation method. Earthworms facilitate the removal of contaminants from soil and change the physical and 
chemical properties of soil by mixing it with organic substance and improving soil aeration, thus making 
contaminants accessible to microorganisms [2]. 
The earthworms are known to survive at high concentrations of contaminants. For instance, E. fetida survive in 
soil contaminated by 3500 mg/kg of oil [3], although the survivability depends on the duration of the exposition and 
metabolism [4, 5]. 
Investigations demonstrated that introduction of organic substance made a positive effect on earthworms 
survivability in contaminated soil, but the decrease in earthworms weight was also noted. Tejada and Masciandaro 
noticed the decrease of E. fetida weight by 38.46% after addition of 50 mg/kg benzapyrene to the soil, and after 
addition of dung the decrease of biomass was 20% [6]. Microorganisms can destroy polycyclic aromatic 
hydrocarbons in soils with earthworms [7-12]. Some scientists noted the decrease in polycyclic aromatic 
hydrocarbons concentration in the presence of earthworms E. fetida and L. rubellus [13]. It was demonstrated that 
polycyclic aromatic hydrocarbons bioremediation rates differ greatly and depend not only on polycyclic aromatic 
hydrocarbons composition, but mainly on the activity of soil microbial communities [5]. 
Fernández M.D. et al. reported on diesel-contaminated soil remediation with the help of plants such as reed 
fescue (Festuca arundinacea) and red clover (Tripolium pratense) and earthworms E. fetida for 90 days. They 
noticed that the plants had no effect on diesel fuel removal in spite of microbial biomass stimulation. On the other 
hand, in E. fetida cultivation 43% of diesel fuel were removed in surface soils and 52% were removed in deep soils 
whereas in the experiments without worms the decrease of diesel fuel concentrations was 30% and 34%, 
correspondingly. Nevertheless, it was noted that all worms died in diesel-contaminated soil after 90 days. It was 
explained by the absence of nutrients for the earthworms in the course of the experiment [14]. 
Jingchun Tang and Min Wang et al. studied the effect of various petroleum concentrations from 0.5 to 5 % on 
survival of E. fetida for 7 days. All earthworms died after 7 days at petroleum concentration higher than 3%. At 
petroleum concentration of 2%, the mortality was 90% after 7 days. At petroleum concentration of 0.5%, the 
survival of the earthworms did not change after a week [15]. The same results were obtained by Hanna and Weaver 
[16]. Geissen et al. noticed the increase in E. fetida mortality up to 70% - 90% in soils contaminated by 2% of 
petroleum [3]. Shin et al. mentioned earthworm E. fetida weight loss at diesel fuel concentrations higher than 1%, 
while at concentrations of 1.5% the decrease in the earthworms survival was 40% [17]. Kozlov experiments showed 
that when the concentration of gasoline in soil was 20 g/kg in the first day, the mortality of E. fetida was 90%, and 
on the seventh - 100%. When the concentration of diesel fuel was 20 g/kg in the first day, the mortality of E. fetida 
was 94 %, and on the seventh -100% [18]. 
Some investigations demonstrated that addition of organic substance as a nutrient had a positive effect on the 
earthworms survival in polycyclic aromatic hydrocarbons-contaminated soils. Сonteras-Ramos et al. informed that 
after addition of sewage sludge to the soil contaminated by the mixture of 100 mg/kg phenanthrene, 500 mg/kg 
anthracene and 50 mg/kg benzapyrene, and during the cultivation of E. fetida, the earthworms survival was 93%, 
and their weight increased by 28% after 70 days. At E. fetida cultivation without organic substance addition, the 
earthworms weight decreased by 79% and the survival did to 60% [19]. 
Organic substance is of importance in the earthworms cultivation, providing nutrients and thus stimulating 
microorganisms activity in earthworms guts and increasing their survival. Sinha et al. discovered that in polycyclic 
aromatic hydrocarbons-contaminated soils with kitchen waste and cattle dung, 47% of contaminants were removed 
without earthworm addition and 80% were removed after earthworms E. fetida and E. eugenaic introduction [20]. 
Isabella Gandolfi and Matteo Sicolo registered great toxic effect of diesel light hydrocarbons with 2% 
concentration on earthworms, but compost introduction enhanced hydrocarbons remediation and earthworms 
survival. Compost introduction to diesel-contaminated soil resulted in diesel fuel remediation increase by four rings 
of PAHs and soil toxicity decrease, its effect on soil genotoxicity lowering [21].  
Therefore, the undertaken literature analysis demonstrated that the usage of earthworms E. fetida for 
bioremediation of soils contaminated by petroleum and diesel fuel with hydrocarbons content of no more than 2 
g/kg is an efficient technique. At higher concentrations of petroleum and diesel fuel, the increase in earthworms 
mortality is noticed. Taking the above mentioned into consideration, the aim of the present research was to study the 
efficiency of gasoline and diesel fuel-contaminated soil bioremediation with the help of earthworms E. fetida in the 
presence of bacteria Pseudomonas, nitrogen fixing bacteria Azotobacter and Clostridium, yeasts Saccharomyces, 
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fungi Aspergillus and Penicillium, as well as Actinomycetales, and to estimate the survival of the earthworms E. 
fetida in soils contaminated by different concentrations of petroleum (20-60 g/kg) and diesel fuel (20-40 g/kg). 
2. Study subject 
2.1. Soil substrate 
All the experiments were carried out with the soil substrate, represented by a sterilized meadow soil with the 
brand name “Living Earth (Terra Vita) Universal Nutrient Ground”, that was manufactured by MNPP FART Ltd. 
The soil had the following characteristics: organic substance content is 46%, pH is 5.9-6.0, base exchange capacity is 
28-40 mg-eq per 100 g soil. Chemical composition of the soil: nitrogen (NH4 + NO3) content is 150 mg/l, 
phosphorus (P2O5) content is 270 mg/l, and potassium (K2O) content is 300 mg/l.  
Two series of contaminated soil samples were prepared.  
The petroleum with the label AI-92, produced by company Lucoil, was introduced in the amount of 20-60 g/kg 
into the soil samples of the 1st series. The petroleum characteristics were in compliance with GOST of Russia 
51105-97. 
The diesel fuel with the label EURO GOST of Russia 52368-2005 (ЕН 590:2009) was introduced in the amount 
of 20-40 g/kg into the soil samples of the 2nd series.  
2.2. Preparation of soil samples 
Preparation of soil samples was carried out according to standard methods [22]. The experimental samples of 
contaminated soils with the introduced earthworms and added biopreparation Baykal EM as well as the control soil 
samples were incubated for 22 weeks, from September 2013 to February 2014.  
Three series of the experiments were performed. Table 1 shows the composition of the soil samples used in the 
present study. Three simultaneous experiments were performed with each sample described in Table 1. 
2.3. Earthworms 
Vermiremediation of oil-contaminated soil was carried out with earthworms Eisenia fetida. Only the adult 
earthworms were used in the experiment. The adult earthworms were purchased from the Yermak farm (Saratov, 
Russia). The average weight of the earthworm was 0.41-0.92 g.  
2.4. Biopreparation 
Biopreparation Baykal-EM (manufactured by NPO EM Center Ltd., Novosibirsk, Russia. License No. 226-19, 
156-1) was used as a source of lactic acid and nitrogen fixing bacteria. According to the description of the 
biopreparation, it contains a large number of anabiotic microorganisms: lactic acid, nitrogen fixing and nitrifying 
bacteria, actinomycetes, yeasts and fungi. 
3. Methods 
3.1. Determination of petroleum and diesel fuel content in contaminated soils 
To analyze the petrochemicals and organic substance content in the samples, the collection of the petroleum and 
petrochemical contaminated soil samples was performed according to GOST of Russia 54039-2010 Soil quality. 
Quick method for the determination of oil products by NIR spectroscopy [23]. To determine the oil and 
petrochemicals content in the soil, the method proposed by the Institute of Experimental Metrology was used. The 
method is based on measuring the amount of hydrocarbons extracted with carbon tetrachloride from oil-
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contaminated soil. The resulting eluate is poured into the cuvet of an IKH-025 IR spectrophotometer to measure the 
amount of oil products in the eluate at a wavelength of 3.42 Pm.  
The data obtained were treated with the Friedman rank test and the licensed software Statistics.  
Table 1 contains the list of the samples contaminated by petroleum and diesel fuel. Petroleum was introduced as a 
contaminant in the amount of 20-60 ml/kg, while diesel fuel was added in the amount of 20-40 ml/kg. Samples 1 and 
2 were control ones and had no organic contaminants. For soil treatment 10 earthworms E. fetida and biopreparation 
Baykal-EM in the amount of 1 ml/kg were introduced into each sample.  
Table 1. The list of soil samples for vermibioremediation. Experiment 1 – petroleum contamination. Experiment 2 – diesel fuel contamination 
Experiment 1. E. fetida+petroleum+biopreparation Experiment 2. E. fetida+diesel+biopreparation 
Sample 
№№ 
 
Petroleum 
concentration, 
mg/kg 
Earthworms 
amount, 
pcs 
Micro-
biological 
preparation, 
ml/kg 
Diesel fuel 
concentration, 
mg/kg 
Earthworms 
amount, 
pcs 
Microbiological 
preparation, 
ml/kg 
1 0 10 - 0 10 - 
2 0 10 1 0 10 1 
3 20 10 - 20 10 - 
4 20 10 1 20 10 1 
5 40 10 - 40 10 - 
6 40 10 1 40 10 1 
7 60 10 -    
8 60 10 1    
       
4. Research results 
4.1. Experiment 1. The changes in the earthworms amount after petroleum addition to the soil  
Table 2 shows the changes in earthworm E. fetida amount in the petroleum-contaminated soil samples with 
petroleum concentration of 20-60 g/kg, after soil samples having been incubated for 22 weeks at 15-17°С. The 
numeration of the curves corresponds to the numbers of the samples in Table 1. In all samples 90-100% survival 
was registered in the whole course of the experiment. Biopreparation addition had no significant effect on survival 
and reproduction of E. fetida in petroleum-contaminated soils.  
Table 2. The state of E. fetida vermipopulations in petroleum-contaminated soils (Experiment 1) after 22 weeks of incubation.  
Sample №№  Survival 
 % 
Total population 
pcs. 
Total productivity 
cocoons/container 
1. control 100 66 4.2 
2. microbiological preparation 100 203 6.7 
3. soil with petroleum concentration 20 g/kg 100 226 40.5 
4. soil with petroleum concentration 20 g/kg and 
biopreparation  
100 215 34.5 
5. soil with petroleum concentration 40 g/kg 90 309 40.6 
6. soil with petroleum concentration 40 g/kg and 
biopreparation 
90 240 37.9 
7. soil with petroleum concentration 60 g/kg 90 192 35.5 
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8. soil with petroleum concentration 60 g/kg and 
biopreparation  
Rank analysis of variance and Kendall's concordance 
90 
 
0.78 
170 
 
0.59 
29.6 
 
0.52 
4.1.1. Total population of E. fetida 
As seen in Fig. 1, after 22 weeks of incubation, control samples 1 and 2, containing 10 adult earthworms E. fetida 
(sample 1) and 10 adult earthworms E. fetida + microorganisms (biopreparation Baykal EM) (sample 2), showed an 
increase in the total population of the earthworms with 66 species for sample 1 and 203 species for sample 2. As one 
can see in Fig. 1, the addition of biopreparation Baykal EM to the soil (sample 2) accelerated the process of cocoon 
laying and the growth of earthworms numbers in comparison with sample 1 without the biopreparation. The 
introduction of petroleum into the soil at a concentration of 20-40 g/kg (samples 3-6, Fig. 1) resulted in 90-100% 
survival of E. fetida and a stable growth of the adult earthworms population both in the presence and in the absence 
of the microbiological preparation. However, it should be noted that for samples 3 and 4 containing 20 g/kg of 
petroleum, an increase in the earthworms number in the sample without biopreparation Baykal EM was higher. The 
earthworms population after 22 weeks of incubation increased to 226 species for sample 3 and to 215 species for the 
sample with petroleum and biopreparation Baykal EM, i.e., by a factor of 22, which is higher than the values for the 
control samples (samples 1 and 2). As the petroleum content in the soil was increased to 40 g/kg (samples 5 and 6), 
an increase in the number of earthworms was 309 and 240 species after the incubation for 22 weeks. An increase in 
the petroleum content in the soil to 60 g/kg (samples 7,8, Fig. 1) led to a slight decrease in the total number of E. 
fetida with the microbiological preparation. The total population was 190 species in soil sample 7 with the 
petroleum concentration of 60 g/kg, and with the microbiological preparation (sample 8) it was 170 species. As seen 
in Fig. 1, the petroleum concentrations of 20-60 g/kg in the soil enhanced the cocoon laying and the growth of the 
total population of E. fetida. Therefore, low petroleum concentrations of 20 and 40 g/kg stimulate E. fetida 
productivity. Similar results were obtained by Russian authors (E.V. Golovanova) [24]. The presence of low 
concentrations of toxic substances in the soil was proved to result in a higher effectiveness of the earthworm body 
processes, which may be caused by preservative instinct of this biological object under unfavorable conditions, 
implying an enhancement of reproductive function to create resources by the time of death. An increase in the toxic 
substance concentration leads to a decrease in the productivity and total population. 
4.1.2. Total productivity 
As seen in table 2, low total productivity (the amount of cocoons per container) was noticed in the control sample 
(sample 1) without petroleum, which was 4 cocoons per container. The introduction of the microbiological 
preparation (sample 2) increased the cocoon laying slightly, up to 6, 7 cocoons per container. The highest total 
productivity of 40 cocoons was registered in samples 3 and 5 containing petroleum in concentrations of 20 and 40 
g/kg without the microbiological preparation. The total earthworm productivity was lower and equaled to 34 and 38 
cocoons per container in samples 4 and 6 with petroleum concentration of 20 and 40 g/kg and biopreparation Baykal 
EM. The further increase of petroleum concentration to 60 g/kg (sample 7,8) resulted in a decrease of the total 
productivity, that was equal to 35 cocoons (sample 7) and 30 cocoons (sample 8).  
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Fig. 1. Total population of E. fetida with different petroleum concentrations (p<0.05) including an absolute uncertainty value with 95% 
confidence. 
4.1.3. Petroleum hydrocarbons decomposition  
Fig. 2 shows the dependence of petroleum content changes on the incubation time in contaminated soil samples 
with earthworms E. fetida and biopreparation Baykal EM at the temperature of 15-17°С. Hydrocarbons content was 
determined with colorimetric method monthly. To analyze petroleum content changes in the course of incubation 
due to light hydrocarbons natural evaporation within 22 weeks, control samples of contaminated soils with 
hydrocarbons amount of 20, 40, 60 g/kg (without worms) were prepared and investigated. The petrochemicals 
content in contaminated samples with the earthworms was analyzed as well. The numeration of the samples 
corresponds to the sample numbers in Table 1.  
As Fig. 2 shows, in control samples contaminated with petroleum, the petrochemicals content was changing 
slightly within the entire incubation period. Light petroleum fractions evaporation was registered in the soil without 
the earthworms. As a result, petrochemicals concentration decreased by 70% after 22 weeks of the incubation and 
was equal to 6 g/kg in the control sample with petroleum concentration of 20 g/kg. Petrochemicals concentration 
decreased by 96% in comparison with the control variant after 22 weeks of the incubation and was equal to 0.23 
g/kg in the soil samples with petroleum concentration of 20 g/kg and the earthworms. After the microbiological 
preparation introduction, petroleum concentration decreased by 98% in comparison with the control variant and was 
equal to 0.1 g/kg. As for the control sample with 40 g/kg petroleum (Fig. 2), petroleum content decreased by 62% 
and was 15 g/kg after 22 weeks of the recultivation. The earthworm introduction resulted in the decrease of 
hydrocarbons concentration by 98 % in comparison with the control variant, and it was equal to 0.11 g/kg. The 
microbiological preparation introduction had no significant effect on the resulting hydrocarbons concentration after 
22 weeks of vermicultivation, concentration being 0.13 g/kg. Introduction of the petroleum in the soil with the 
concentration of 60 g/kg (Fig. 2) resulted in bioremediation process duration of 5 months without biopreparation 
Baykal EM. In the control sample, upon introduction of 60 g/kg petroleum, light fractions evaporation was 60%, 
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resulting in the decrease of hydrocarbons concentration to 24 g/kg. Introduction of E. fetida earthworms led to the 
decrease of petroleum concentration to 0.5 g/kg (efficiency 97% in comparison with the control sample), and after 
the microbiological preparation introduction it lowered to 0.6 g/kg (efficiency 97% in comparison with the control 
sample). Addition of biopreparation Baykal EM to the soil samples with 20-60 g/kg petroleum did not affect 
bioremediation process significantly.  
 
 
Fig. 2. The changes in petroleum concentration in the course of vermicultivation process. 
4.2.  Experiment 2. The changes in the earthworms amount after the addition of various diesel fuel concentrations  
Table 3 shows the change in the amount of earthworms E. fetida in soil contaminated with diesel fuel in the 
amount of 20-40 g/kg, after incubation of samples for 22 weeks at temperatures of 15-17°С. When applied to the 
soil of diesel fuel in the amount of 20 g/kg was observed 50-60% survival rate of E. fetida and weak growth in the 
number of worms in the presence of the microbial product. With increasing content of diesel fuel in the soil 40 g/kg 
was noted the death of 70% of individuals over 3 weeks of incubation. 
Fig. 3 shows the changes in earthworm E. fetida amount in the diesel-contaminated soil samples with the 
concentration of 20-40 g/kg, after the soil samples having been incubated for 22 weeks at 15-17°С. The numeration 
of the curves corresponds to the numbers of the samples in Table 1. As seen in Fig. 3, after 22 weeks of incubation, 
control samples 1 and 2 containing 10 adult earthworms E. fetida (sample 1) and 10 adult earthworms E. fetida + 
microorganisms (biopreparation Baykal EM) (sample 2) showed an increase in the total population of the 
earthworms with 66 species for sample 1 and 203 species for sample 2. As one can see in Fig. 3, the addition of 
biopreparation Baykal EM to the soil (sample 2) accelerated the growth of earthworms numbers in comparison with 
the sample without the biopreparation. The introduction of diesel fuel into the soil at concentration of 20 g/kg 
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(samples 3-6, Fig. 3) resulted in 50-60% survival of E. fetida and a weak growth of the earthworms population in the 
presence of the microbiological preparation. The earthworms population after 22 weeks of incubation increased to 5 
species for sample 3 and to 44 species for the sample with diesel fuel and biopreparation Baykal EM, i.e., by a factor 
of 4. An increase in the diesel fuel content in the soil to 40 g/kg (samples 5 and 6) led to the death of 70% species 
within 3 weeks of incubation. The total amount of the earthworms in sample 5 was 3 species, and with the 
microbiological preparation it was 5 species per container. 
4.2.1. Total productivity 
Low total productivity was noticed in the control sample (sample 1) without petroleum, which was 4 cocoons per 
container. The introduction of the microbiological preparation (sample 2) increased the cocoon laying slightly, up to 
6, 7 cocoons per container. The highest total productivity of 13 cocoons was registered in sample 4 containing diesel 
fuel at concentration of 20 g/kg and biopreparation Baykal EM. The total earthworm productivity was 3 per 
container in sample 3 with petroleum concentration of 20 g/kg. The increase in diesel fuel concentration to 40 g/kg 
(sample 5,6) resulted in a decrease of the total productivity to 2 cocoons per container. 
Table 3. The state of E. fetida vermipopulations in diesel-contaminated soils (Experiment 2) after 22 weeks of incubation.  
Sample №№ Survival 
% 
Total population 
pcs. 
Total productivity 
cocoons/container 
1. control 100 66 4.2 
2. microbiological preparation 100 203 6.7 
3. soil with diesel concentration 20 g/kg 50 4.5 3 
4. soil with diesel concentration 20 g/kg and 
biopreparation 
60 44 13 
5. soil with diesel concentration 40 g/kg 10 3.3 2 
6. soil with diesel concentration 40 g/kg and 
biopreparation 
0 5 2 
Rank analysis of variance and Kendall's concordance 0.82 0.78 0.55 
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Fig. 3. Total population of E. fetida with different diesel fuel concentrations (p<0.05) including an absolute uncertainty value with 95% 
confidence.  
4.2.2. Diesel fuel hydrocarbons decomposition 
Fig. 4 shows the dependence of diesel fuel content changes on the incubation time in contaminated soil samples 
with earthworms E. fetida and biopreparation Baykal EM at the temperature of 15-17°С. Hydrocarbons content was 
determined with colorimetric method monthly. To analyze diesel fuel content changes in the course of incubation 
due to light hydrocarbons natural evaporation within 22 weeks, the control samples of contaminated soils with 
hydrocarbons amount of 20, 40 g/kg (without worms) were prepared and investigated. The petrochemicals content 
in contaminated samples with the earthworms was analyzed as well. The numeration of the samples corresponds to 
the sample numbers in Table 1.  
As Fig. 4 shows, in the control samples contaminated with diesel fuel, the petrochemicals content was changing 
slightly within the entire incubation period. Light petroleum fractions evaporation was registered in the soil without 
the earthworms and with diesel fuel concentration of 20 g/kg. As a result, petrochemicals concentration decreased 
by 77% after 22 weeks of incubation and was equal to 4.5 g/kg. Petrochemicals concentration decreased by 97% 
after 22 weeks of incubation and was equal to 0.6 g/kg in the soil samples with earthworms and diesel fuel 
concentration of 20 g/kg. The introduction of biopreparation Baykal EM had no significant effect on soil 
bioremediation process. Petrochemicals content lowered to 0.34 g/kg and recultivation efficiency was 92% in 
comparison with the control variant. As for the control sample with 40 g/kg diesel fuel (Fig. 4), the hydrocarbons 
content decreased by 82% and was 7 g/kg. Soil bioremediation proceeds more intensely in the samples with the 
earthworms and diesel fuel concentration of 40 g/kg. With earthworms E. fetida diesel fuel concentration lowered to 
2.3 g/kg (efficiency 67% compared to control), and with the microbiological preparation the concentration decreased 
to 1.2 g/kg (efficiency 82% compared to control). 
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Fig. 4. The changes in diesel fuel concentration in the course of vermicultivation process. 
5. Results and discussion 
Jingchun Tang and Min Wang et al. studied the effect of various petroleum concentrations from 0.5 to 5 % on 
survival of E. fetida for 7 days. All earthworms died after 7 days at petroleum concentration higher than 3%. At 
petroleum concentration of 2%, the mortality was 90% after 7 days. At petroleum concentration of 0.5%, the 
survival of the earthworms did not change after a week [15]. Geissen et al. noticed the increase in E. fetida mortality 
up to 70% - 90% in soils contaminated by 2% of petroleum [3]. Safawat H.S.H. and Weaver R.W. studied the 
survival of E. fetida and L. terrestris in soils contaminated with unaerated oil in concentrations of 0.5 - 2.5%. At 
concentration of 0.5% the survival of E. fetida was 100% for 10 days, and 90% for 15 days. The increased oil 
concentration up to 1.5% resulted in the earthworms' survival decrease to 7 days. Whereas, the survival was 10 days 
at oil concentration of 2.5%. Survival of L. terrestris in soil contaminated with 0.5% of crude oil amounted 100% 
for 10 days and 17% at concentration of 1.5% [25]. Several investigations demonstrated that addition of organic 
substance as a nutrient had a positive effect on the earthworms survival in petroleum-contaminated soils. Schaefer 
and Filser studied the removal of polycyclic aromatic hydrocarbons in oil-contaminated soil (9.5 g/kg) upon 
introduction of cattle dung (0.6%) and three kinds of the earthworms (E. fetida, A. chlorotica and L. terrestris). 
They reported that the removal with E. fetida and A. chlorotica was 1.8 times higher than without the earthworms, 
while L. terrestris addition resulted in 4.6 times higher removal [26].  
The present research demonstrated 90% survivability and steady population increase for E. fetida at concentration 
of 60 g oil per 1kg soil  Total population of E. fetida increased 17-20 fold during the experiment, while in the 
control sample the population increased only 6 fold. After oil introduction with 20 g/kg concentration, the total 
population of E. fetida increased 22 times, and after biopreparation addition it did 22 times in contrast to the initial 
population upon a 22-week incubation. Total population of E. fetida increased 30 times in the sample with 
petroleum concentration of 40 g/kg and 24 times in the sample with biopreparation. At petroleum concentration of 
60 g/kg the total population of E. fetida rose 19 fold, and 17 fold after biopreparation introduction.  The presence of 
biopreparation caused slight decrease in total population and total productivity of E. fetida in petroleum-
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contaminated soils. Microbiological preparation is likely to contain the groups of microorganisms facilitating the 
petroleum entry through earthworm' skin covering and digestive track and thus enhancing the toxic effect.  
It was stated that hydrocarbons concentration increased more intensely in the soil samples with the earthworms 
than without them, petrol hydrocarbons decomposition rate increasing in the presence of biopreparation Baykal EM. 
Petrochemicals concentration decreased by 96% compared to the control sample after 22 weeks of the incubation 
and was equal to 0.23 g/kg in the soil samples with petroleum concentration of 20 g/kg and the earthworms. 
Hydrocarbons concentration lowered by 98% and was equal to 0.11 g/kg in soils contaminated by petroleum in 
concentration of 40 g/kg. Whereas, petroleum concentration lowered to 0.5 g/kg (97% efficiency) in soil 
contaminated with 6- g/kg petroleum concentration and earthworms E. fetida.  
At diesel fuel concentration of 20 g/kg, 50-60% survival of E. fetida and a slight growth of the earthworm 
numbers were registered in the presence of the microbiological preparation.  Upon the increase in diesel fuel content 
to 40 g/kg, the death of 70% species was registered within 3 weeks of incubation. Light petroleum fractions 
evaporation was registered in the soil without the earthworms and with diesel fuel concentration of 20 g/kg. As a 
result, diesel fuel concentration decreased to 4.5 g/kg. Hydrocarbons concentration in the soil samples with the 
earthworms lowered to 0.57 g/kg. In soil samples with 40 g/kg concentration of diesel fuel, the fuel content 
decreased to 7 g/kg after 22 weeks, and after E. fetida introduction the fuel concentration lowered to 2.3 g/kg. 
The obtained results of E. fetida survival in oil-contaminated soil demonstrated high survivability of E. fetida in 
soils with high concentrations of petroleum and diesel fuel and differ from works of Schaefer et al., 2005, Safawat 
and Weaver R.W, 2002, Schaefer and Filser, 2007, and Jacobo Rodriguez-Campos et al., 2014. This is likely to be 
caused by the presence of biopreparation Baykal EM, lowering the hydrocarbons content by 30% in 1 month, and 
soil substrate composition, rich in nitrogen, phosphorus and potassium. 
6. Conclusion 
Our study showed the possibility to vermicultivate the soil contaminated with 20–60 g/kg petroleum with the 
help of earthworms Eisenia fetida in the presence of lactic acid, nitrogen fixing bacteria, being components of 
biopreparation Baykal EM. The analysis of the hydrocarbons content and of vermipopulations state was carried out 
in all control and contaminated soil samples in the course of the experiment within 22 weeks of incubation period.  
It was determined that the petroleum content up to 40 g/kg in the soil did not result in the decrease of E. fetida 
survival, but it stimulates the cocoon laying and the growth in the total population. One may suppose that it is 
caused by preservative instinct of this biological object under unfavorable conditions, implying an enhancement of 
reproductive function to create resources by the time of death. Expectedly, the increase in petroleum content to 60 
g/kg lowers the vital activity of the earthworms. The introduction of biopreparation Baykal EM has no meaningful 
effect on the earthworms survival in the contaminated substance.  
At diesel fuel concentration of 20 g/kg, 50-60% survival of E. fetida and a slight growth of the earthworm 
numbers was registered in the presence of the microbiological preparation. Upon the increase in diesel fuel content 
to 40 g/kg, the death of 70% species was registered within 3 weeks of incubation. 
It was stated that petroleum hydrocarbons concentration increased more intensely in the soil samples with the 
earthworms than without them, petroleum hydrocarbons decomposition rate being independent of the presence of 
biopreparation Baykal EM. It was shown that the recultivation process took 4 months in the soils with the content of 
petroleum and diesel fuel in the amounts of 20-40 g/kg, and as a result hydrocarbons concentration decreased by 97-
99%.  
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